Background Scapular notching is a common worrying finding after reverse total shoulder arthroplasty (RSA). Eccentric glenospheres have recently been developed in an attempt to prevent notching. The purpose of this study was to evaluate the clinical and radiological results of RSA with an eccentric glenosphere and compare the incidence and the severity of scapular notching using a concentric glenosphere. Methods A prospective evaluation was performed of 57 consecutive RSA performed over a two-year period. At a minimum of two years postoperatively, 47 RSAs with a mean 30.4 months follow-up were evaluated clinically and radiographically and compared to a historical control group of concentric glenospheres performed by the same surgeon.
Introduction
Scapular notching is the most common worrying radiographic finding observed after reverse total shoulder arthroplasty (RSA). The incidence ranges from 44 % to 96 % and increases both in severity and frequency at longer-term follow-up [3, 7, 13, 15, [19] [20] [21] [22] . In this phenomenon, bony erosion of the inferior scapular neck is caused by mechanical impingement between the scapula and the humeral polyethylene insert during adduction and rotation of the arm [20] . Furthermore, polyethylene wear debris leads to an osteolytic reaction which contributes to progression of scapular notching [17] . Extensive scapular notching affects functional outcome [2] and may lead to glenoid loosening.
Several implant factors have been implicated in the development of scapular notching including the amount of glenosphere offset, inclination of the humeral component, and cranial-caudal positioning [10, 13, 17, 19, 20] . Cranial-caudal positioning of the glenosphere is appealing in particular because it can be altered without affecting the centre of rotation of the implant. In vitro investigation has determined that inferior positioning of the glenosphere was more important that tilt in limiting mechanical impingement between the humerus and scapula [16] .
Maximising the concept of inferior positioning, eccentric glenospheres have recently been developed in order to potentially prevent notching. The purpose of this study was to evaluate the clinical and radiological results of RSA with an eccentric glenosphere and compare the incidence and the severity of scapular notching with a concentric glenosphere. The study hypothesis was that an eccentric glenosphere would reduce the incidence and severity of scapular notching compared to a concentric glenosphere.
Materials and methods

Study group
This was a prospective review of all RSAs performed between November 2006 and November 2008 at a single institution. Prior to initiation, the study protocol was approved by the Hospital Ethics Committee. The inclusion criteria were an eccentric glenosphere component and minimum follow-up of 24 months with complete functional outcome and radiographic data. The only exclusion criterion was the use of a concentric glenosphere component.
Operative technique
The senior author performed all operations. The same Grammont-type [9] RSA implant was used in all cases (Aequalis Reversed II; Tornier, Edina, MN). During the study period an eccentric glenosphere was placed in all cases possible. The situation in which this could not be performed was in those cases which required bone grafting for extensive glenoid erosion. A deltopectoral approach was used, 2 cm of the pectoralis major tendon was released, and the subscapularis tendon (if intact) was tenotomised at the level of anatomical neck. The humeral head was cut with 0 to 20 degree retroversion following natural retroversion. The inferior aspect of the glenoid was clearly exposed and the glenoid base plate was placed as inferiorly as possible. The glenoid base plate was placed in approximately 10 degrees of inferior tilt. The number of screws used for fixation, either three screws (four shoulders) or four screws (43 shoulders), was dictated by the available glenoid bone stock and the surgeon's preference. An eccentric glenosphere was then fixed to the base plate. The eccentric glenosphere provided by the manufacturer (Tornier, Edina, MN) provides 2 mm of inferior offset in order to generate glenoid overhang (Figs. 1, 2 and 3) . A 36-mm diameter glenosphere was inserted in 39 shoulders, and a 42-mm diameter glenosphere was inserted in four shoulders. The choice between 36-mm and 42-mm glenosphere not randomised, but based on the surgeon's preference. The humeral component was then placed in the standard fashion. In all cases an attempt was made to repair the subscapularis tendon via transosseous sutures. A soft tissue biceps tenodesis was also systematically performed when the tendon was still present.
Postoperative rehabilitation
Postoperatively, the shoulder was immobilised with a simple sling that held the arm in internal rotation for four weeks. During this period, the sling was removed for hygiene and the patient was allowed to use the hand on the involved side for simple activities of daily living. No lifting was allowed. Passive range of motion was initiated immediately. After four weeks the sling was discontinued and activity was allowed as tolerated.
Clinical and radiographic evaluation A standardised clinical assessment was performed preoperatively and then postoperatively at six weeks, three months, Fig. 1 a A standard glenosphere is centred at its attachment to a metaglene. b In an eccentric glenosphere the attachment to the metaglene is offset such that the glenosphere position can be altered without changing the position of the metaglene six months, one year, and annually thereafter. At each time point an independent observer assessed active range of motion (including forward flexion, external rotation with the arm at the side, and internal rotation behind the back) and a Constant score was obtained [5] .
Radiographs taken at each time point included anteriorposterior (AP) views of the glenohumeral joint in neutral rotation, internal rotation, and external rotation, a supraspinatus outlet view, and an axillary lateral view. All radiographs were obtained under fluoroscopic control using Lévigne's protocol [13] . Scapular notching was graded according to the Sirveaux classification [20] : grade 1 for a notch limited to the scapular pillar, grade 2 for a notch reaching the inferior screw of the base plate, grade 3 for a notch extending beyond the inferior screw, and grade 4 for a notch reaching the base-plate's central peg. For purposes of analysis notching was categorised as "not severe" (grade 1 or 2) and "severe" (grade 3 or 4) [14] .
Osteophytes of inferior scapular neck were recorded on the AP view. Glenoid and humeral component loosening (radiolucent lines greater than 1 mm) were also evaluated [18] . Progression of scapular notching was defined as greater than or equal to a 1 grade increase in notching after initial observation of notching.
Statistical analysis
Preoperative and postoperative Constant score and range of motion were compared with the Student's t-test. In order to identify the clinical relevance of notching, preoperative characteristics of patients with and without notching were evaluated using the Wilcoxon test and Pearson's chi-squared test. The incidence and the severity of scapular notching were compared with a previous published series using Pearson's chi-squared test values estimated by Monte-Carlo simulation. This previous series consisted of 152 cases of RSA with centric glenosphere by the same surgeon between May 1995 and June 2003 [21] . All statistical analysis was performed by a trained statistician using StatView (SAS Institute, Cary, NC, USA). The level of significance was set at p≤0.05.
Results
Sixty-three RSAs were performed during the study period. In six cases a concentric glenosphere with glenoid bone graft was used for treatment of severe glenoid erosion. An eccentric glenosphere was used in the remaining 57 shoulders. Five patients died prior to the minimum 24-months follow-up and five patients had incomplete data, leaving a total of 47 shoulders in 46 patients available for study. The average age at the time of surgery was 74.4 years (50-84 years). There were 32 women (33 shoulders) and 14 men (14 shoulders). The aetiology was rotator cuff tear arthropathy in 21 shoulders (44.7 %), revision arthroplasty in eight shoulders (17 %), irreparable massive rotator cuff tear in six shoulders (12.8 %), primary arthritis with biconcave glenoid or advanced fatty degeneration of rotator cuff in seven shoulders (14.9 %), post traumatic osteoarthritis in three shoulders (6.4 %), and rheumatoid arthritis in two shoulders (4.3 %). Thirty-one shoulder operations involved the dominant extremity. The mean body mass index at the time of surgery was 25.1 (range 17.3-33.3). The mean follow-up period was 30 months (range 24-49 months).
The mean Constant score increased from 32.4 preoperatively to 71.8 points postoperatively (p<0.0001). Compared to preoperative values, postoperatively there were statistically significant improvements in active forward flexion and external rotation. On the other hand, active internal rotation increased from preoperative to postoperative values but the difference did not reach statistical significance (Table 1) .
Scapular notching was present in 19 shoulders (40.4 %). The notching was grade 1 in 13 shoulders (27.7 %), grade 2 in five shoulders (10.6 %), and grade 3 in one shoulder (2.1 %). There were no instances of grade 4 notching ( Table 2 ). All notches were seen on the AP view and 12 notches were also identified on axial view (Fig. 2) . Progression of notching over time was identified in five shoulders (10.6 %) and occurred at a mean of 23 months.
There was no significant difference in the incidence of scapula notching between the eccentric glenospheres in the current cohort and the concentric glenospheres in the historical control group (p00.289). On the other hand, the severity of notching was significantly lower in the eccentric cohort than in the concentric group (p00.011).
Osteophytes of inferior scapular neck were identified in five shoulders (10.6 %): four shoulders with notching and one shoulder without notching. No radiolucent lines were observed around the humeral implant or around the central peg or screws of the glenoid component.
There was no difference in preoperative factors or final functional outcome among patients with or without notching (Table 3) . At final follow-up, the mean forward flexion was 150.0°in the shoulders with notching, compared to 144.2°in those without notching (p00.4041). The mean active external rotation was 28.9°in the shoulders with notching and 28.9°in those without notching (p00.4862, respectively).
Complications
An axillary nerve palsy occurred in two patients (4.3 %) and a transient brachial plexus palsy occurred in one patient (2.1 %). The first axillary nerve palsy was a transient palsy in a 78-year-old woman with advanced cuff tear arthropathy (superior migration, acetabularisation, and glenohumeral arthritis). Her palsy completely recovered five months after surgery. The other axillary nerve palsy was a permanent palsy that occurred during revision of an unconstrained total shoulder arthroplasty in a 76-year-old woman. The brachial plexus nerve palsy occurred in a 75-year-old woman with a previous hemiarthroplasty and preoperative glenoid erosion. Her function fully returned within eight months following surgery. No other intraoperative or postoperative complications were observed. No patient required revision surgery.
Discussion
The purpose of this study was to evaluate the radiographic and functional outcome of a consecutive series of RSAs performed with an eccentric glenosphere. Several implant modifications have been suggested to limit scapular notching. Frankle et al. proposed lateralisation of the centre of rotation with metallic offset [8] . At short-term follow-up of 33 months, they reported a 0 % incidence of notching. However, this approach creates more torque on the glenoid component and may increase the risk of glenoid loosening, particularly in osteoporotic bone [2] . Increasing the inclination (neck-shaft angle) of the humeral component to a more vertical orientation decreases impingement in biomechanical investigations but may create a conflict superiorly and alter prosthetic instability in early abduction [2, 9, 11] . Altering the position of the glenosphere through an eccentric implant is appealing because it may be accomplished without the negatives of the aforementioned alternatives. A few biomechanical investigations have evaluated the impact of an eccentric glenosphere [4, 6, 16] . Nyffeler et al. reported that lowering the position of baseplate to the inferior border of the glenoid significantly improved adduction and abduction angles and might reduce the risk of inferior glenoid notching [16] . In this study a 25-degree adduction deficit with an uncovered inferior glenoid was reduced to one degree when the glenosphere was placed in a position overhanging the inferior glenoid. Notably, an inferior glenosphere position was more beneficial than inferior tilt in producing impingement-free range of motion. Similarly, Chou et al. reported that an eccentric glenosphere reduced the adduction deficit by 14.5 degrees with a 36-mm glenosphere and 17.5 degrees with a 44-mm glenosphere [4] . There was no statistically significant difference in total range of motion between the 36-mm and 44-mm eccentric glenospheres, showing that the major advantage between these two variables is eccentricity of the glenosphere. Furthermore, in clinical practice glenosphere size is dictated by patient size, whereas an eccentric glenosphere can be placed regardless of size.
Our study evaluated the clinical impact of these biomechanical findings in a prospective analysis of RSA performed with an eccentric glenosphere. Similar to previous studies [3, 13, 15, [19] [20] [21] [22] , in our study there were significant improvements in Constant score and range of motion following a RSA. Importantly, at a mean follow-up of 30 months there were no severe complications such as glenoid loosening, dislocation, or infection. Initially, we were concerned that shifting the centre of rotation inferiorly with an eccentric glenoid would increase shear forces on the glenoid. Gutierrez et al. recently reported a computer model study of an eccentric glenosphere in which an inferior eccentric glenosphere (6-mm inferior offset) with inferior tilt provided the most uneven distribution of forces and might be detrimental [11] . The inferior offset in this model was three times greater than the offset clinically applied in our study. Based on our study, it appears that a 2-mm eccentric glenoid is safe at short-term follow-up. Longer follow-up, however, is necessary to verify this conclusion.
The incidence of scapular notching ranges from 44 % to 96 % with an increasing size and incidence in the longerterm follow-up with RSA of conventional medialised design [3, 7, 13, 15, [19] [20] [21] [22] . Sirveaux et al. found inferior scapular notch in 50 of 77 patients (65 %) at a mean follow-up of 44.5 months [20] . Lévigne et al. noted the presence of scapular notching in 62 % of 337 shoulders at an average follow-up of 47 months and found that the frequency and extension of notching was correlated with the length of follow-up [13] . Werner et al. found notching in 98 % of 48 cases, but noted that in 79 % the notch did not progress beyond one year of follow-up [22] . In our study, scapular notching was observed in 19 of 47 shoulders (40.4 %).
Compared to a historical control group of concentric RSAs implanted using the same surgical technique, the incidence of notching was not changed (p00.289). However, perhaps more important than the incidence of notching, is the severity of notching. Previous studies have reported an incidence of severe notching of 18 % to 45.6 % (Table 4) [3, 7, 13, 15, [19] [20] [21] [22] . In our study, 94.7 % of the notching observed was only grade 1 or 2 in severity. Severe notching decreased from 37 % with a concentric glenosphere to 5.3 % with an eccentric glenosphere. Such a reduction may be important given the relationship between severe notching and functional outcome observed over a longer follow-up [20] . Despite the improvement in severity of notching, it is clear that with a conventional medialised RSA design there is a limitation to prevention of notching with an eccentric glenosphere. Ultimately, increasing lateral offset with bone may be the next step to prevent notching. Frankle et al. used a metallic lateralised RSA design and did not report any notching [8] . However, they had several complications caused by glenoid loosening, suggesting that metallic lateralisation has a risk of glenoid loosening because of increased torque on the glenoid. Kempton et al. reported on a combination of a metallic lateralised RSA and a reduced humeral neck shaft angle [12] . They found that six of 37 shoulders (16 %) had grade 1-2 notching and no grade 3-4 notching at a mean follow-up of 16 months. While these results are encouraging, there is still concern for long-term glenoid loosening and failure from the increased torque with these designs.
In order to reduce the torque on the glenoid, Boileau et al. developed the bony increased-offset reverse shoulder arthroplasty (BIO-RSA) [1] . In this modification a humeral head autograft is used to increase lateral offset. This approach to increasing offset maintains a more medialised centre of rotation (with consequent lower shear forces) compared to the approach of increasing through the implant itself. In this series the incidence of notching was eight of 42 shoulders (19 %) at mean follow-up of 28 months. Additionally, the authors noted greater improvements in rotation and cosmesis as a result of the modification. Considering the advantages of a BIO-RSA, a traditional RSA with an eccentric glenosphere may be a viable option for patients in whom a humeral head autograft cannot be harvested due to poor bone quality or revision arthroplasty.
The majority of previous studies have not found any relationship between scapular notching and functional outcome [3, 13, 15, 19, 21, 22] . Only Sirveaux et al. reported that scapular notching can affect the Constant score when they are severe [20] . In our study, no significant difference in postoperative Constant score was observed between patients with or without scapular notching. Additionally, no significant difference was seen in postoperative active range of motion between the patients with or without notching. However, these findings are limited by the relatively short follow-up of this cohort.
This study has several limitations. First, the follow-up term is relatively short. The patients in this cohort will be closely followed in an effort to gain more information regarding the long-term survivorship of this eccentric glenosphere. Second, we did not perform radiographic evaluation with computed tomography scans. However, fluoroscopic control was used to obtain the radiographs so we believe that notching was adequately visualised. Third, we had no control series with concentric glenosphere. The study design used historical controls rather than a randomised comparison and the size of glenosphere was based on surgeon preference. However, because the surgical technique did not change between the historical control group and our study we believe the design adequately represents the improvement with an eccentric design.
Conclusion
At early term follow-up an eccentric glenosphere decreases the severity of scapular notching with a Grammont type RSA without adverse glenoid complications. This design modification may be one of the additional solutions to avoid scapular notching. Table 4 Comparison of scapular notching reported using Grammont-type reverse total shoulder arthroplasties Parameter Sirveaux et al. [20] Boileau et al. [3] Werner et al. [22] Simovitch et al. [19] Nolan et al. [15] Lévigne et al. [13] Wall et al. [21] Mizuno et al. 
